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weight of a specific metallic compound subjected to sur- 
face pretreatment with an alkoxysilane compound, (C) 0 
to 10 parts by weight ol an alkoxysilane compound, and 
(D) 5 to 500 parts by weight of an inorganic filler. 
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Description 

The present invention relates to an improved poiyarylane sulfide composition, more specifically to a polyarylene 
sulfide composition which has an excellent molding processability and does not corrode and contaminate metallic parts 

s of metal molds particularly in molding while imparting an improved corrosion resistance to metals in molded parts com- 
bined with metallic materials and providing excellent mechanical properties to the moldings thereof. 

In recent years, themrioplastic resins having good mechanical properties as well as heat resistance, chemical re- 
sistance and flame resistance have become in dennand for use as a constituent material in various mechanical parts, 
such as components for electrical and electronic equipment, automobile equipment and chemical equlpmen. 

10 A polyarylene sulfide resin (PAS) represented by polyphenylene sulfide (PPS) is also one of the resins meeting this 

requirement and has been Increasing In the demand In line with a good ratio of physical properties to cost 

However, because this resin has sulfur atoms in the molecular structure thereof and the production raw materials 
therefor contain sulfur atoms arKl chlorine atoms, it has the defect that by-products containing a lotol sulfur and chlorine 
are tomrjed In synthesizing the resin, which leads to the difficulty of corroding and contaminating metallic materials of 

ts metal molds in molding. Further, the resin has the problem that when it is used as a maiterial for molded parts, the resin 
corodes and contaminates metals inserted Into the parts, plated metals or deposited metals and causes troubles. Var- 
ious methods have been proposed as technique for solving this problem, in which scavengers tor suppressing the 
formation of corrosive Impurities are added to the PAS resin to attempt the Improvement therein. The present Inventors 
have found that blending ot at least one selected from zinc carbonate, zinc hydroxide and the double salt of the both. 

^ or the mixture thereof as a corrosion Inhibitor of the PAS resin against metals with the PAS resin is very effective for 
preventing a die In molding the PAS resin and metallic materials incorporated into moldings from corrosion and contam- 
ination, and it is disclosed in JP-A-2-105S57. 

However, further investigations have resulted In showing that It is observed that such metal compounds of zinc and 
the WkB tend to lower mechanical properties while they are effective for preventing the corrosion of nr^atals, and particularly 
vvhen Inorganic reinforcements such as glass fiber and others and fillers are blended, it Is-observed that mechanical 
properties such as mechanbal strengths artd toughness are reduced, which is supposed to be attributable to the fact 
that the corrosion inhibitors described above prevent the PAS resin from adhering to the reinforcements and the fillers. 
This tendency becomes particutarty mariced when the blending antount of the corrosion Inhibitors increase, and the 
improvement in this point has become an important problem. 

^ In view of such problems, researches energetically continued by the present inventors In order to obtain a PAS resin 
composition which has a sufficient corrosion resistance against metals of molding dies and does not exert adverse 
influences on mechanical properties such as tensile strength, impact strength and toughness even when ralatively large 
anDOunts of corrosion inhibitors are used, that is, combines an excellent metal corrosion resistance with excellent me- 
chanical properties have resulted in oonfinning that such problems as described above can maricadly be improved by 

3s enploying a composition which Is prepared by subjecting a carbonate, a hydroxMe or an oxide of a specific metal to 
surface pretreatnrrant with an alkoxysilane compound and melt-kneading this surface-treated carix)nate, hydroxide or 
oxide ol metal together with the PAS resin and other fillers or preferably further adding alkoxysibne compounds, to 
complete the present Invention. 

That is, the present inventbn relates to a polyarylene sulfide resin composition comprises or consisting essentially of : 

40 

(A) too parts by weight of a polyaryiene sulfide, 

(B) 0.1 to 10 parts by weight of a carbonate, a hydroxide and an oxide of a metal selected from among zinc, mag- 
nesium and barium, a mixture thereof, or a double salt thereof, each hiaving been pretreated in the surface thereof 

^ witii an alkoxysilane compound, 

(C) 0 to 10 weight parts of an alkoxysilane compound, and 

(D) 5 to 500 parts by weight of an inorganb filler. 

so 

The components are usually melt-kneaded to prepare the composition. 
The structural components of the present invention will be explained below. 

The PAS resin as the component (A) used in the present invention is composed mainly of a repetitive unit (-Ar-S-), 
wherein Ar is an aryiene group. 

« There can be used as the aryiene group, for example, a p-phenylene group, a m-phenylene group, a o-phenylene 
group, a substituted phenylene group, a p.p'-diphenyiene suHone group, a p.p'-bqphenylene group, a p,p'-dphenyterra 
etiier group, a p.p'-diphenylene carbonyl group, and a naphthalene group. 

In this case, a homopolynrwr comprising the same repetitive unit among the aryiene sulfide groups composed of 
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the arylene groups described above can be used or a copolymer containing heterogeneous repetitive units may be used 
Irom the viewpoint of the processability of the composition. 

The most typical as the homopolymer is poly-p-phenylene sulfide (PPS) having a p-phenylene sulfide group as the 
repetitive unit In which a p-phenylene group Is used as the arylene group. Above all, substantially linear polyphenylene 
5 sulfide is particularly preferably used. 

At least two combinations which are different Irom each other can be used as the copolymer, wherein an arylene 
sulfide group comprising the arylene group described above is a principal structure. Among them, the combination in 
which a p-phenyiene sulfide group is a principal stmcture and which contains the other repetitive units is particularly 
preferably used. Of them, the polymer containing the p-phenylene sulfide group of 60 mole % or more, more preferably 
10 70 mole % or more is suitable Irom tlie viewpoint of physical properties such as a heat resistance, moldability and 
• mechanical properties. In this case, those containing the repetitive units of the corrponents In a block lorm rather than 
at random have excellent processabllities and are eio^ellent in a heat resistance arid mechanical properties. Accordingly, 
they can preferably be used. Preferred copolymerizabie components include, for example, a m-phenyiene group but 
will not be restricted to this. 

The polyarylene sulfide resin used in the present invention is preferably a high molecu^r weight polymer having a 
substantially linear structure, which is obtained Irom a bifunctbnal monomer by polycondensation, and there can be 
applied a polymer which is improved in a molding processability by raising the melt viscosity of a linear polymer having 
a relatively low molecular weight by oxidation cross-linking or thermal cross-linking. 

Further, there can be used as well the PAS resin having an optional branched or cross-linked structure which is 
20 polymerized using in combination a small amount of a monomer having three or mors lunctbnal groups as a part of the 
monomers. 

Also, the polyarylene sulfide resin used in the present invention may be a modified pdyarylene sulfide resin into 
which various substltuents are introduced. 

Further, with respect to the PAS component (A) used in the present invention, two or more of the various PAS resins 

2S described above are preferably mixed and used in combination in some cases In order to obtain desired characteristics 
according to purposes. The examples of the particularly prefen-ed combination include, for example, the combined use 
of two PAS resins having different viscosities from the viewpoint of fluidity or the connbined use of a substantially linear 
PAS resin with a PAS resin having a small amount of an appropriately branched or cross-linked stnjcture and melt 
viscosities of 2000 to 20000 poise (310*^0, a shear rate of 1200 secri from the viewpoint of moldabilHy (for example, 

30 preventing flush and molding cycle}. 

Next, the component (B) Is obtained by subjecting a carbonate, a hydroxide and an oxkie of a metal selected from 
among zoic, magnesium and barium, a mixture thereof, or a double salt thereof to surface pretreatment with an alkox- 
ysllane compound, for example, obtained by subjecting zinc carbonate, zinc hydroxide, zinc oxide, ma^eslum carbon- 
ate, magnesium hydroxide, magnesium oxide, barium carbonate, barium hydroxide, barium oxkto, or a double salt or 

3S mixture consisting of two or more o1 them to surface treatment with an alkoxysilane compound, partk:ularty preferably 
by subjecting zinc carbonate, zinc hydroxide, and a double salt thereof (for example, basic zinc carbonate nnZnCOs.nZn 
(OH)2) to surface pretreatment with alkoxysilane. 

Here, the alkoxysilane compound used for the surface treatment comprises at least one selected from the group 
consisting of aminoalkoxysilanes, epoxyalkoxysilanes, mercaptoalkoxysilanes and vinylalkoxysilanes. 

^ The aminoalkoxysiiane is preferably a silane compound having at least one amino group and two or three alloaxy 
groups in one molecule and includes, for example, y-aminopropyl-triethoxysilane, Y-aminopropyltrimethoxysilane, yami- 
nopropylmethyldiethoxysilane, Y-^j^op^^^pylmethyi-dimethiacysiiane, N-p(aminoetlTyl)raminopropyltriethoxysilane, 
N-p(aminoethyl)Y- aminopropyllrimethoxysilane, N-p(aminoethyl)-Y-aminopropylmBthyldielhoxysllane, N-p(aminoethyl) 
-Tsaminopropylmethyldimethoxysiiane, N-phenyl^-aminopropyltriethoxysilane, and N-phenyl-7^aminopropyitrimethox- 

45 ysllane. 

The epoxyalkoxysilane is preferably a silane compound having at least one epoxy group and two or three alkoxy 
groups in one molecule and includes, for example, T^Iycidoxypropyl trimethoxysilane, p-(3,4-epoxycyclohexyl)ethyltri- 
ethoxy-silane, and y-glycidaxypropyltriethoxysilane. 

The mercaptoaikoxysilane is preferably a silane compound having at least one mercapto group and two or three 
so alkoxy groups In one molecule and Includes, for example, y-mercaptopropyltrimethoxysilane and ^-mercaptopropyltri- 
ethoxysilane. 

The vinylalkoxysliane is preferably a silane compound having at least one vinyl group and two or three alkoxy groups 
in one molecule a d includes, for example, vinyltriethoxysilane, vinyltrimethoxysitane, and vinyltris(P-methoxyethoxy) 
silane. 

^ Of the silane compounds described above, epoxyaikoxysiianes and amhoalkoxysiianes are most preferred in view 
of the purposes of the present invention. 

The amount of the alkoxysilane compound used for such surface treatment does not have to be specifically restricted 
as long as it is an anrK>unt enough to evenly cover the surfaces of the above compounds of metals such as zinc and the 
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like. In general, the amount is 1 to 20 weight %, preferably 2 to 1 5 weight % based on the compound of metal such as zinc. 

The surface treatment may be carried out t>y a general method. It Is carried out. for example, by dipping the above 
compounds of metals such as zinc in a solution or disperskxi of a desired aikoxysilane compound to allow It to be 
adhered onto the surfaces thereof and drying, but the treating method Is not specifically restricted. 

5 The use of the metal compound treated with the aikoxysilane compound described above as the component (B) to 

cover the surface thereof provides an effect to notably improve a reductton In mechanical properties caused by the 
presence of the metal compound without exerting any adverse influences on the corrosicnpreventing property thereof, 
and that is the characteristic of the present invention. 

From the viewpoint of a con'osion resistance, the lower limit of the component (B) described above is at least 0.1 

10 wei^t parts, preferably 0.3 weight parts or more, and particularly preferably 0.5 weight parts or more based on 100 
weight parts o the PAS resin (A). From the viewpoint of mechanical properties and disperslbllity, the upper limit thereof 
Is 10 weight parts or less, preferably 7 weight parts or less, and particularly preferably 5 weight parts or less based on 
1 00 weight parts of the PAS resin (A). 

The resin composition of the present invention is preferably further blended with a similar aikoxysilane compound 

IS as the component (C) In preparing the resin composition besides using It as a surface treating agent for the component 
(B) described above. To be specific, the aikoxysilane conpound used as the component (C) Is exemplified as well by 
the same compounds as those described as the surface treating agents for the component (B) described atxsve and 
m^ be a compound which Is the same as or different from the surface treating agent of the component (B). In particular, 
aminoalkDxystiane and/or epoxyalkoxysilane are preferred as the component (C), and aminoelkoxysilane is partlcularty 

20 preferred. 

The blending amount of the component (C) Is 1 0 weight parts or less, preferably 0, 1 to 5 weight parts, and parllcularfy 
preferably 0.3 to 3 weight parts based on 100 weight parts of the PAS resin (A). This component is effective in terms of 
mechanical properties but the excess thereof tends to nnarkedly hcrease the viscosity to cause the gelatlnization of the 
resin and therefore is not preferred. 
25 With respect to the inorganic filler of the component (D) used in the present inventton, a fibrous, powdery/granular 
or tabular filler or a mixture thereof Is used according to required purposes. 

Suitable examples of fibrous fillers include inorganic fibrous substances such as glass fiber, asbestos fiber, carbon 
fiber, silica fiber, silica-alumina fiber, zirconia fiber, boron nitride fiber, silicon nitride fiber, borcn fiber, potassium titanate 
fiber, and fibrous substances of metals such as stainless, aluminum, titanium, copper, and brass. The partbularly typical 
30 fibrous filler Is glass fiber or carbon fiber. 

On the other hand, suitable examples of powdery/granular fillers include cartxm black, graphite, silica quartz pow- 
der, glass beads, glass powder, silicates such as potassium silicate, aluminum silicate, kaolin, talc, clay, diatom earth, 
and wollastonfte, metal oxides such as iron oxide, titanium oxide and alumina, metal carbonates such as calcium car- 
bonate and magnesium carbonate, metal sulfates such as calcium sulfate and barium sulfate, silicon carbide, silicon 
3S nitride, boron nitride, and varbus metal powders. 

Suitable examples of the tabular fillers include mica, glass flake and various metal foils. 

These inorgank: fillers can be used singly or in combination of at least two kinds. The combined use of the fibrous 
filler, partlcuterly glass fiber or carbon fiber with the powdery/granular or tabular filler is a preferable combination in tenns 
of combining mechanical strength with dimensional accuracy and electrical properties. 

40 In using these fillers, a convergent agent or a surface treating agent Is preferably used If necessary. The examples 
thereof include functional compounds such as epoxy compounds, isocyanate compounds, silane compounds including 
alicoxysl lanes described above, and titanate compounds. 

The lower limit of the inorganic fillers as the component (D) Is at least 5 weight parts, preferably 10 weight parts or 
more, and particularty preferably 15 weight parts or more based on 100 weight parts of the PAS resin (A) in temns of 

^ rigidity and mechanical properties. The upper limit thereof Is 500 weight parts or less, preferably 400 weight parts or 
less, and particularty preferably 350 weight parts in terms of the preparation of the compositbn and a mokiing process- 
ability. 

The resin composition of the present invention can be prepared by facilities and methods which are used for pre- 
paring general synthetic resin compositions. That is, the components (A). (B) and (D) or/and (C) can be blended, 
so melt-kneaded with a uncial or biaxial extnjder and then extruded to make pellets for rriolding. Any methods such as a 
method in which a part or all of the resin components is pulverized, mixed and melt-extruded can be used. 

Oxidation inhibitors, heat stabilizers, lubricants, crystalline nucleus agents, iJV absorbers, colorants, releasing 
agents, flame rstardanis, and other known additives can be added to the composition of the present invention in quan- 
tities such that they do not change the properties of the composition from those required for the purposes of the present 
^ Invention. 

Further, other thermoplastic resins and organic fillers can be incorporated in combination into the composition of 
the present invention in an amount of 80 weight parts or less based on 100 weight parts of the PAS resin (A) for the 
purpose of improving and supplementing varbus properties thereof. The examples of the thermoplastic resins blended 
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tor such purpose can include olefin eerias polynnsrs or copolymers consisting mainly of polyolafin, such as polyethylene 
or polypropylene, polyamide series polymers or copolymers such as nylon 6, nylon 66 and others, polyester polymers 
or copolymers mainly including polyethylene terephthalate and potybutyiene terephthalate, liquid crystalline polyester 
polymers, slyrene series polymers such as polystyrene, poiystyrene-acrybnitrite and AB5, acrylic series polymers such 
5 as polyalkylacrylale, polycarbonate, potyphenylene cxide, polyacetal, polysulfone, pdyethersulfone, polyetherimide, 
polyetherketone, and fluorinated resins. These thermoplastic resins can be used as well In a mixture of two or more kinds. 

Examples of the organic filters include fibrous or powdery/granular polymers having high nr^eltlng points, such as 
fluorir^ted resins and aromatic polyamides. 

The PAS resin composition of the present Invention is suited to injection molding, extrusion molding, blow molding, 
10 vacuum molding, and compression molding. 

The PAS resh corrposltlon of the present Invention has an excellent molding processabillty and is notably Improved 
in con'oslon and contamination to various metals such as iron, copper, zinc, nickel, chromium, cobalt, aluminum, silver, 
or alleys consisting mainly of them. Accordingly, since the resin compositk>n of the present inventkxi does not corrode 
or contaminate contact members ol molding processing facilities such as dies In molding and metal members used In 
IS contact to mokfings. the lives of processing facilities and molding parts can be prolonged and moldings having accurate 
dimensions can be obtained over the extended period of time. 

Further, according to the present invention, adverse influences on mechanical properties as was the case with the 
blend of convenlksnal corrosion inhibitors are markedly Unproved, and therefore the PAS resin composition combining 
excellent metal corrosion resistance and mechank»l properties can be provkied. 
^ The present invention is decribed in greater detail below with reference to the following non-limiting Examples. 

Examples 1 to 9 and Comparative Examples 1 to 6 

As shown in Table 1 , metal compounds (surface treating agents: about 5 weight %) subjected to surface treatment 
^ were added as the component (B) to the mbdure 100 weight parts of a substantially linear potyphenylene sulfide resin 
(viscosity: 350 poise at 31 CC and 1200 sec^i) and a branched polyphenylene sulfide resin (viscosity: 6000 poise at 
310^C and 1200 sec^^) of about 10 weight % as the component (A), and the components were mixed with a blender 
lor two minutes. 

Further, glass fiber was added as the component (D) and mixed with the blender for 30 seconds. Then, this mixture 
^ was melt-kneaded with an extruder having a cylinder temperature of 310"0 to make the pellets of the polyphenylene 
sulfide resin composition (Table 1 ). 

For comparison, a resin composit'ion containing no component (B) and a resin composition in whbh suriace treat- 
ment was not carried out with an alkoxysilane compound were similarty melt-kneaded and extruded to nr^ke the pellets 
of the oomposHkxis (Table 2). 
3S The evaluatton results are shown In Table 1 (Examples) and Table 2 (Comparative Examples), respectively. 
Evaluating methods were as follows: 

Corrosion resistance 

^ The above pellets of 22 g were put Into the bottom of a test tube having a Inner diameter of 30 mm and a height of 
160 mm, and the plate of stainless steel (SUS-304) cut to a size of 2 mm x 12 mm was suspended so that the metal 
plate was positioned at a height of about 60 mm from the uppermost part of the pellets. 

The upper part of the test tube was stoppered, and alter maintaining 310'C for 6 hours, the nr^tal plate was taken 
out and observed visually and under a microecopa to check a conosive state. Relative rating was given as shown below 

4S according to the degree of the corrosive slate: 

ABODE 



so Corrosion aioall Corrosion large 

Tensile strenath and tensile elongation 

Tensile strength and tensile elongation were measured wrth an Injection molding machine at a cylinder temperature 
« of 320"C and a die temperature of 1 60'C according to ASTIVI 0-638. 
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Examples 1 0 to 1 9 and Comparative Exampies 7 to 8 

The resin compositions prepared by lurther blending an alkoxysilane compound as the component (C) into the resin 
composttlons prepared in the Examples and Comparative Exampies described above were slmilarty evaluated. The 
5 results are shown in Table 3. 

Examples 20 to 23 and Comparative Examples 9 to 11 

Pellets were prepared changing the klrtdand amounts of the inorganic fillers (D) and similarly evaluated. The results 
10 are shown in Table 4. 

Examples 24 to 27 and Comparative Examples 12 to 1 3 

The results obtained by changing the Idnd of the metals used for the corrosbn resistance test to compare the 
IS corrosion resistance are shown In Table 5. 

Notel 

B-1: 22nC03.3Zn(OH)2 



B-2: ZnCOg 

B-3: Zn(0H)2 

2S B-4: MgCOa 

B-5: MgO 
Note 2 



20 



30 



a: 



rglycidoxypropyltnethoxysilane 



35 



b: 



Y-amlnoprcpyltriethoxysllane 



c: 



Y-mercaptopropy!trimethoxysilane 



(These are the same in the accompanying Tables.) 
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Claims 

ss 1 . A polyary lene sulfide resin composition comprising: 

(A) 100 parts by weight of a polyary lene sulfide resin, 
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(B) 0.1 to 10 parts by weight of a carbonate, a hydroxide or an oxide oi a metal selected Irom among zinc, 
magnesium and barium, a mixture thereof, or a double salt thereof, each having been pretreated In the surface 
thereof with an alkoxysilane compound, 

(C) 0 to 10 parts by weight of an alkoxysilane compound, and 

(D) 5 to 500 parts by weight of an Inorganic filler. 

A compositbn as claimed in claim 1, whereh the component (A) Is a polyaryiene sulfide rosin having at least 70 
mol % of p-phenylene sulfide groups. 

A composition as claimed in claim 1 or 2, wherein the component (A) is a substantially linear polyaryiene sulfide resin. 

A composition as claimed in claim 1, wherein the component (A) is a mixture of a substantially linear polyaryiene 
sulfide resin with a polyaryiene sulfide resin having a branched or crosslinked stmctura and a melt viscosity of 2,000 
to 20.000P (310*C, shear rate: 1 ,200 sec-i). 

A composition as claimed In any one of claims 1 to 4, wherein the component (B) Is zinc carbonate, zinc hydroxide, 
a double salt of both (basic zinc carbonate) or a mixture thereof, each subjected to surface pretreatment with an * 
alkoxysilane compound. 

A composition as claimed in any one of claims 1 to 5, wherein said alkoxysilane compound used in said surface 
pretreatment of the component (B) is an amlnoaikK»cysilane and/or an epoxyalkoxysllane. 

A composHron as claimed in any one o1 claims 1 to 6, wherein the component (C) is 0.1 to 5 parts by weight of an 
aminoalkoxysilane akil^or an ep^cyalkoxysilane. 

A composition as clavned In any one of claims 1 to 7, wherein the component (D) is a glass fiber or a carbon fiber. 

A compositbn as claimed In any one of claims 1 to 7, wherein the component (D) Is a mixture of a fibrous filler with 
a powdery or platy filler. 
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